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T. Abe Akita Keizai-Houka University, Akita, Japan
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Abstract
The research objective is to develop teaching materials for learning engineering design at the
college-level where students are required to have basic engineering knowledge, but where no design
experience is needed. The method has the following features: Students realize that communicating
with a design specification is a core part of design tasks; that a hands-on exercise is crucial to
understanding the product’s features and functions; that to design a product is not only to create a
new product, but also to apply existing ideas; that by taking apart a real product, they can easily
realize the physical and mechanical principles imbedded therein; that to learn design principles is
not just to memorize them but to experience them. The method structures and interprets the takeapart activities from the perspective of the design process steps, with special emphasis on the
writing of specifications at increasing levels of detail. The take apart activity assists in identifying
technical descriptors or design variables, which are then given values, ranges or qualities that
become specifications. It employs a common consumer product of which many variations are
available.
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Teaching the writing and role of specifications via a structured
teardown process
Introduction
Take-apart activities are becoming an accepted part of introductory design-oriented courses (Niku
1995) (Eggert 1996) (Sakamoto, Kusukawa and Jorgensen 1999) (Otto and wood 2001:197-257) in
Engineering. Such exercises provide students with hands-on experience with how things work and
how things are made. They illustrate how selected physical principles are employed in consumer
products and can motivate the application of an analysis method to describe phenomena such as
wear, fatigue, force amplification, motion, transfer, etc. Justification is sometimes related to the idea
of Experiential Learning (Kolb 1984:39-60) but it is also rooted in the realization that not too many
years ago, students entered engineering schools with much informal knowledge of how things were
made, gleaned from tinkering with consumer products such as radios, televisions and automobiles.
This informal knowledge provided a common hands-on backdrop that could be referenced as
meaningful examples in coursework and laboratories, but it is largely absent in the undergraduate
student of today. So, the take-apart activities fill a need of providing hands-on experience with
tools, functions, materials and assembly methods, and it is assumed that such experience assists in
developing design skills.
However, in the literature, there is rarely an explicit connection between take-apart activities and
the Design Process. It appears that the attitude is that “it cannot hurt, but we are not sure how it
helps”. In this work, the Design Process is used as a format to structure and interpret take-apart
activities, with special emphasis on the Design Process step of creating specifications.

Figure 1 shows a representative Design Process which is used as the format for the take-apart
activities, showing a sequence of six steps that are typical in a broad range of literature and have
stood the test of time (Asimov 1963) (Ulrich and Eppinger 1995: 14-32). The forthcoming ideas
and methods are not dependent on this particular diagram, but do require a process where there is a
statement of needs, creation of specifications, generation of alternatives, a selection and a
manufacturing step. For beginners, the process is comforting, showing the overwhelming task of
“Design” as a sequence of steps that transforms a need, expressed in words, to a physical product
that can meet the need. Each step is described with a verb-noun task format that gives direction as
to what to do and what to produce as the outcome. Certain skills are necessary to perform each step,
and in a typical curriculum with a capstone design project course, it is presumed or hoped that
various prerequisite courses provide some of the needed skills such as:
Course -----------------------------------Design Step
Materials Science --------------------- Create Concepts, Detail the Design
CAD------------------------------------- Detail the Design
Description of Physical Processes--- Create Concepts
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Modeling and Analysis Techniques--Evaluate and Select
Component Design---------------------Create Concepts, Detail the Design
Statistics/Design of Experiments-----Evaluate and Select.
Whether or not such courses actually contribute to the skills is an ongoing discussion in our field,
but here we simply point out that none of the usual pre-capstone courses contributes to the step of
Defining Specifications. The capstone course may be the first time a student is asked to create
specifications.

Textbooks (Pahl and Beitz 1996:130-137) (Pugh 1991:44-66) (Ullman 1992:108-112) (Jones
1992:383-390) (Roozenburg and Ekkels 1995:131-155) (Cross 1989:72-83) describe the creation of
specification as a translation of needs, which are expressed in non-technical terms, into measurable
factors, which are generally technical and have specific units and numerical values. Various
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categories are suggested such as Figure 2 (Hurst 1999:16-31), and the QFD (Ullman 1992: 112133), Quality Function Deployment method, which provides an effective format for naming the
specification, identifying their relationships to customer needs, prioritizing, and setting target
values. The problem for student designers is that the QFD procedure requires communication
between those who express the needs in non-technical terms and those who will design,
manufacture and pay for the manufacture of the proposed product. A design team that has expertise
in the relevant technologies and their manufacture and costing is not comprised of beginners. When
students in a capstone project write specifications, they may be coached through parts of the QFD
process, but it is generally seen as an isolated exercise, to be completed and handed in before one
can start the “interesting” part of designing, and never referred to again unless specifically required.
The central role of the specifications in guiding the development of concepts, in screening the
concepts to identify a promising alternative and in setting performance standards for testing is not
appreciated. Part of the difficulty is that we learn by repetition: it is unrealistic to expect students to
develop skills in utilizing the Design Process by being coached through it once in a capstone
course. The method described herein provides three opportunities to reinforce the connection
between specifications and product features.
We hypothesize that the product to be taken apart is the result of the Design Process of Figure 1, for
which the product is the outcome of the manufacturing step, and the sales material, which
accompanies the product and describes its features, expressing some of the needs. That is, we
presume to see the outcome of the first and last steps of the Design Process. We offer a method in
which the take apart activity is imbedded in a series of exercises, through which students develop
plausible specifications for the product. The method consists of six phases and is summarized in
figure 3. Each phase has specific Tasks for the students to perform and Outcomes to be produced.
There are also structured forms for the students to report selected outcomes. The take-apart
activity is one of the phases. Some outcomes correspond to Design Process steps, including a Bill of
Materials (BOM) and some detailed sketches, which are plausible outcomes of the Detail the
Design step, but other outcomes include identifying materials, loads and stresses, which would be
part of the Evaluate and Select outcome. Less obvious outcomes are descriptions of function and
structure and their relation to the BOM. The accompanying sales materials have phrases such as
“easy to use”, which are textbook examples of need statements, and serve to initiate the creation of
specifications.
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The following sections will describe the phases in more detail, including numbering the outcomes.
Figure 3 shows how the numbered outcomes of each phase contribute to the development of
specifications, which are categorized as in Figure 2 as PR (Performance Requirements), MR
(Manufacturing Requirements), OR (Operating Requirements) and OT (Others). As students
proceed through the phases, more detail is added to the specifications by identifying functions,
metrics, units and values that are plausible technical descriptors (design variables) of the product
features that are described on the accompanying sales materials. The phases, Tasks, and Outcomes
of figure 3 have evolved through several take-apart experiments with small groups of students using
familiar consumer products such as a stapler, can-opener, electrical drill. These products have a
primary function, which students have experienced as customers, and the products have variations
such as the “lightweight” or “compact” versions, which are examined in the Benchmarking phase.
The first experiment (Abe 1996) was to examine the idea of “Translation” that is to convert
customers needs to an engineering requirements. It is considered to be core tasks of designing. An
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experienced designer can write design specification easily. The translation tasks then are organized
as a systematical procedure for design education purpose. It initially had three phases, which
corresponds to the Phase II to IV in Figure 3, and the exercise in Phase IV were arranged stepwise
with more detailed examples in 1997(Abe 1997), and the version was tested for other product
(Stapler) (Abe 1998). Some improvements have done to the previous procedures in 1999 (Abe
1999), and was tested using an electrical drill in 2000 (Abe 2000). Figure 3 shows the latest version,
which introduced two phases: learning specification and redesign phases, and was tested in 2001.
The main features of the current version are to put more effort to communicate with specifications,
and to add a redesign phase to confirm the outcomes of studying all phases.
The following sections describe each phase in more detail followed by some remarks on outcomes
produced by students in the most recent experiments.

Phases, Tasks and Outcomes of the Design Structured Teardown Process
Initial Specification Phase
Students are introduced to the Design Process of figure 1 where the central role of specifications in
guiding the development of concepts, in the evaluation and selection of a concept and in evaluating
performance is introduced. The categories of specifications in figure 2 are discussed, and the
background required to effectively contribute to each requirement is described.
It is pointed out that the limited background of the students will necessarily limit the scope of the
specifications to a subset of figure 2. Students are shown a summary of results of Phases I-IV from
a previous group of students on a different product, where it is emphasized how the specifications
evolved as tasks were carried out.
The Tasks are: 1) Discuss the role of the specifications in the Design Process of figure 1; 2)
Identify the categories and typical phrasing of selected specifications of figure 2; 3) Study an
example which shows the outcomes of the first four phases applied to a different product.
The Outcomes are: 1) Narration of role of design specification in the Design Process; and 2)
Rephrasing the specifications from the example.

Observations and Practice Phase
Students are given the product and accompanying marketing material and create an initial version
of the specifications by interpreting the marketing material as “needs” that the product meets, by
examining how the product achieves its overall function and by operating the product. Comments
are expected on appearance, ease of use, comfort, standards that apply, weight, storage, possible
weaknesses, and a description of how the overall function is achieved.
The Tasks are: 1) Identify product features and categorize according to the relevant items of figure
2; 2) Sketch and describe the mechanism(s) that provide its primary function; 3) Operate the
product and comment on performance and weaknesses.
The Outcomes are: 1) Initial specifications; 2) Narration of product use; 3) Explanation of how
primary function is achieved; and 4) Possible weaknesses.

Tear Down Phase
The aim of this phase is to discover how the individual components of the product combine to
provide its overall function and how they form the basis of detailed specifications. A teardown
form provides a means of recording whenever components are separated and includes a part name

Durling D. & Shackleton J. (Eds.) Common Ground : Design Research Society International Conference 2002, UK. ISBN 1-904133-11-8

6

and role, a dimensioned sketch, material description, comments on the method of manufacture and
the teardown sequence.
The Tasks are: 1) Propose a sequence of teardown steps; 2) Take the product apart following the
steps; and 3) Record all information on the teardown form.
The Outcomes are: 1) Description of each component; 2) Diagrams of how components fit
together; 3) Comments on the means of joining components; and 4) Comments on how the product
was assembled.

Identify Design Variables Phase
This phase consists of six steps, each with its own Tasks and Outcomes. On figure 3, the
contribution from each step is identified with the letter “s”.

Step 1 Create a Bill of Materials (BOM) with associated functions.
The Tasks are: 1) Develop a BOM from the individual components, following general instructions
for its construction; 2) Identify sub-assemblies on the BOM and write a description of their
functions.
The Outcomes are: 1) Components and sub-assemblies arranged as a BOM and; 2) Functions of
sub-assemblies.

Step 2 Analysis of Mechanism and Structure
This is a closer examination of how the components are combined to provide sub-functions, which
then combine to provide the overall function for the user. This is a source of confusion and forces
the distinction between the overall product function as seen by a consumer, and the technical
functions of the components and assemblies. The functions that were identified with the BOM
assemblies are one view of this exercise, but they use the BOM structure to combine functions,
which may not be appropriate. Here, we define a “structure” as consisting of more than one part
that can transmit force or motion among parts, and a “mechanism” as a structure that provides a
function.
The Tasks are: 1) Express the overall function and lower level functions in written form; 2)
Identify the corresponding structures or mechanisms that provide the functions and diagram the
flow of force or motion; 3) Conceive of three other means of providing the same function, without
regard for practical implementation; 4) Develop a function tree by following a set of instructions
similar to those for the BOM.
The Outcomes are: 1) The functional structure of the product; 2) The structures and mechanisms
that contribute to the overall function; 3) The internal flows of force and motion; and 4)
Descriptions of alternative means to provide the functions.

Step 3 Structural Integrity Analysis
This step focuses upon the physical interconnections that allow the product to achieve its overall
function by annotating the BOM with symbols representing joint interfaces between the user and
product, between parts and assemblies, and between the product and its environment of application.
The Task is to: Annotate the BOM with different symbols representing the various interfaces.
The Outcome is to: Comment on the integrity of the interfaces in terms of wear, material
properties, force levels, friction, etc.
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Step 4 Analysis of Performance Requirements
This step formally connects the information on mechanisms, structure, and function to the general
performance as expressed in the initial specifications.
The Task is to: Express the functions of all mechanisms and structures in terms that relate to the
expected performance as stated in the initial specifications.
The Outcomes are: Statements of the relationships between mechanisms, structures and
performance.

Step 5 Generate Design Variables
Plausible design variables are identified from the information created in the previous steps. The
design variables could be in a wide spectrum from very detailed ones, like factors describing a part,
to generic ones, like performance factors of the product itself. Here we confine the variables to: 1)
Those which define and control the function and the performance of a mechanism or a structure; 2)
Those which control the structural integrity of any connecting points.
The Task is to: Generate design variables out of the statements defined in the previous steps.
The Outcome is: List of plausible design variables and units.

Step 6 The Analysis of Design Variables.
This step creates specifications for the product by assigning numerical values or ranges or
identifiable qualities to the design variables. This may include performing tests to measure the
strength or other physical properties of selected components. For the simple products chosen for
these exercises, there are usually only a few components that need to be tested, so the students are
allowed to “discover” the need and procedures for such tests.
The Tasks are: 1) Define plausible values, ranges and qualities of the design variables; and 2)
Create a final version of plausible specifications.
The Outcome is: A plausible set of specifications for the take-apart product.

Benchmarking Phase
In this phase students examine a product that has the same overall function as the original product,
but is either an earlier version, a competitor or one that capitalizes upon a major feature such as
“small and light weight” (for camping), or low cost. The focus is to do an abbreviated pass through
Phases II, III and IV, and trace the connection between the features of the alternate product and its
corresponding design specifications. That is, it is presumed that the alternate product followed the
same Design Process as the original one, but due to slightly different needs and specifications, it
achieved the same overall function with different functions, structures, mechanisms and design
variables. Thus, students gain a second experience with developing specification in a now familiar
context.
The Tasks are the same as for Phases II, III and IV, but students now have experience with the
details of the individual tasks.
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The Outcomes are: 1) Recognition of different structures and mechanisms providing the same
overall function; 2) Revised specifications for the alternate product; 3) Description of how the
revised specifications led to the alternate product.

Redesign Phase
Students are assigned the task of creating a variation of the original product that performs the same
overall function but is to accommodate additional needs, such as “operable by a physically
handicapped person.” The intention is to experience the connection between specifications and
product features on something that they have created. They are asked to perform the following
three steps, though they may not proceed in order. That is, the Design Process of figure 1 is not yet
part of their thinking process, so when asked to create a product variation, they respond with ideas
which are expressed as sketches and narratives of how it works. This is all right. Then they are
asked to explain how their concepts can meet the need, and they respond by naming the “features”
of their concept, and are then encouraged to rephrase the features as initial specifications. In the
final step they use the reporting formats from Phases III and IV to summarize their selected concept
and revise the specifications. This provides a third experience of writing specifications.

Step 1 Create Initial Specifications
The Tasks are: 1) Clarify the new need statement; and 2) Write revised specifications.
The Outcome is: Revised specifications for the student designed product variation.

Step 2 Develop, Select and Describe Product Concepts
The Tasks are: 1) Conceptualize and sketch the three design ideas for the new engineering
requirement and explain their features; 2) Choose the best idea and explain the reasons; 3) Make a
function tree of the selected revised product; 4) Describe the changes of the structure or mechanism
from the original product; 5) Diagram the flow of force or motion while the product is operated,
with emphasis on the connections.
The Outcomes are: 1) Sketches of the new concepts; 2) Functional structure of selected concept; 3)
Changes from the original product and 4) Internal force and motion flows.

Step 3 Detail the Design and Write Specifications.
The Tasks are: 1) Create a Phase III teardown form for the new product. This forces students to
think through many details including new design variables; 2) Revise the specifications.
The Outcomes are: 1) Teardown form for the new product; and 2) Revised specifications.

Analysis of the experiment
Two mechanical engineering students have performed the experiment and the teaching method is to
do a short instruction of each exercise with the sample answer for a stapler. Then students begin the
exercise. The experimental conditions are: 1) The subjects are sophomores in Japanese college; 2)
The location is Akita Prefecture Technology Center; 3) The period of experiment is six hours per
day for six days (August, 2001); and 4) The experimental teaching materials are U.S.-made can
openers (Jr. Portable, Swing-A-Way). The outcomes of the exercises are not analyzed here but
firstly the specifications written by the students are analyzed by focusing on the relations between
the content of specification statements and the exercise’s answers in the each phase. Secondly, the
results of the revised design assignment are evaluated.
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The analysis of the specification
Because of the limited words, we analyze a crucial item in each category of the design specification
(Figure 2).

Function(s) in performance requirements
The functions in the design specification must be stated with specific performance statements so
that the designer can generate concrete concepts for the specification. Otherwise the design concept
will diversify. The two students answered “To cut a can’s lid” as the primary function. And as for
the performance statements one student wrote “It must be easy to use, reliable, nickel body and
steel cutter, soft grip and handy” at the end of Phase II and the student added “It must have a proper
shape of handle.” This was revised a little at the end of the Phase IV as “It must be easy to use,
reliable, the cutter for a small and middle size can, rustproof and the maximum opening of the
handle is twenty degree.” Most of the performance statements are rather vague like customer’s
requirements, but after doing exercises the performance statements became a little more specific.
Many exercises are supposed to give hints for answering the functional requirements with their
performance rate in the specification. The step 6 in Phase IV does help students to describe the
variables in numerical terms but might not enough to test all items in analytical sense.

Method of assembly in manufacture requirements
Here in-house manufacturing facilities and outsourcing for production, and the method of assembly
are specified. The materials to be used and packing and shipment are specified too. A student
specified the facilities and outsourcing factors at the end of Phase IV but it is usually difficult for
the students since many of the factors are company policy and depend on the facilities that a plant
owns. In the experiment, students answered the item of materials, the method of assembly and
packing. A student, for example wrote about the method of assembly “Crank and gear are attached
to the handle by a rivet and cutter is also attached to the other handle by a rivet. The two handles
then are jointed by a rivet at the fulcrum, and assemble a rivet for the guide lastly.” The statements
are not changed at the end of the Phase IV because the method was clarified in the teardown form.
Students are asked to write in the new version of specification.

Safety in operation requirements
Here students specify any legislations and codes of practices in the area, which refer to all safety
aspects of the product. One student said, “The parts edges should be rounded and have an
explanation sheet attached.” The other student said, “Even if users grip the handle too firmly, the
cutter should not harm anyone’s hand.” Students are supposed to define any legislation but they did
not do so since they did not survey any regulations regarding safety. They think that the SG mark
designate a safe product. As a safety concern, students proposed to cover the gear, and made the
body section of the handle wider, shown in figure 5, section 3.2.3.

Disposal standard of others
Here students specify individual country or international standards for disposal. Especially in order
to reuse materials, almost all plastic materials used must be identified. One student said, “The grip
cover is made of petroleum resin and the other components are all inflammable materials.” The
other student made almost the same statements. They could have shown the kind of grip materials
to be used and checked the handbook of international standards for disposal since the product will
be sold internationally.

Conclusive remarks
There are many unfilled items in the acceptance standards and disposal headings in the figure 2.
These will be filled out if students do a data search from other sources such as standards books,
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related product legislation and so forth, and there are unnecessary specification items depending on
the product for teardown. As teaching materials for beginners, it may not be necessary to go into
minor factors unless items are closely related to the product features and are considered to be
important to in redesign exercises. The instructor should judge whether the item is necessary or not.

The evaluation of the revised design
The additional need was to have the can opener be operable by a physically handicapped person.

Create initial specifications
Students rephrased new customer needs of the handicapped as “the person who has minimum
eyesight for daily life and grasping force, and has same comprehensive ability as child.” Revised
items of design specification are as follows: The weight of the performance requirements is
changed such as “lighter than 150g “ and the materials of it such as “larger diameter of the gear and
cutter, longer handle and crank” These statements should be stated more clearly as design
specification.

Develop, Select and Describe product Concepts
The example of three sketches of the revised design are as follows: 1) Almost same design as
original one but has a longer crank; 2) The handles have the same shape as ordinary scissors; 3) The
gear is motor-driven one. The student selected the first one because of the product weight.

Detail the design and write specification
The students created a revised teardown form that had much more detailed information than the
original one, indicating that students skill at describing functions, structures and mechanisms, had
increased. In the detail design, figure 4 and figure 5 show the form written in Phase III and VI.
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The same student wrote figure 4 and figure 5. Although the student did not specify the numerical
values in his specification, he expressed the revised design concept and specified the design
variables in his teardown form numerically. As the revised concept is stated in the initial
specification, he lengthened the handle from 150 mm to 195 mm and the crank from 70 mm to 75
mm, and made the handle wider and thicker for an easier grasp.

Conclusions
This work described an approach to teaching 1st and 2nd year engineering students how to create
design specifications using the context of a take-apart exercise of a familiar consumer product. We
call the approach the “Design Structured Teardown Process”. It consists of six phases, with
associated Tasks and Outcomes, and selected outcomes produce information that contributes to the
writing of specifications. The specifications evolve in scope and detail as students work through
the phases, operating the product, dismantling it, measuring, drawing, computing and identifying
materials, components and functions. In this way, information for design variables and their
quantitative and qualitative measures, is gathered and phrased as plausible specifications. Students
also analyze an alternate product with the same overall function, and create concepts for a new
product, having the same overall function but with different constraints. Thus they gain three
experiences in writing specifications and see how specifications can guide the development of three
different products, each providing the same overall function. The authors encourage instructors who
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are using a take-apart exercise to consider adopting this six phases approach to integrate the
exercise into a larger design context and provide experience in writing specifications. The method
has been tested for several consumer products but we believe that the approach can be applied for
any product that has an assembly structure such as electrical and architectural artifacts.
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